To describe the characteristics of concomitant lung cancer and pulmonary cryptococcosis (PC) cases.
Introduction
Pulmonary cryptococcosis (PC) is an invasive fungal infection, caused predominantly by Cryptococcus neoformans or Crypto-coccus gattii, that affects both immunocompromised (IC) and non-IC patients. [1] Pulmonary cryptococcosis usually consists of pulmonary nodules or masses and focal areas of consolidation. [2] [3] [4] PC often misdiagnosed as primary lung cancer, lung metastasis, pneumonia, pulmonary tuberculosis, etc. In particular, the tuberous mass type of PC is more likely to be misdiagnosed as a neoplasm because the imaging findings closely mimic a pulmonary malignant lesion. In recent years, there have been many reports of PC, but PC coexisting with primary pulmonary carcinoma is rarely seen, and there have been only occasional case reports.
We report herein 8 cases of coexistence of lung adenocarcinoma and PC that were confirmed by pathologic examinations at Fuzhou Pulmonary Hospital of Fujian from 1st January 2011 to 31st December 2015. The clinical, radiological and pathological characteristics of the 8 patients were retrospectively analyzed to improve the diagnosis and management of this disease.
Patients and methods

Patients
We studied 8 patients with coexisting lung cancer and PC who were diagnosed by the histological presence of the organism in lung biopsy specimens. The patients were diagnosed from 1st January 2009 to 31st December 2015 at the Educational Hospital of Fujian Medical University, Fuzhou Pulmonary Hospital of Fu Jian, Fuzhou, China.
Study design
The medical records of all patients, including demographics, underlying diseases, respiratory symptoms, laboratory tests, imaging data, treatments, and outcomes, were collected. The relevant follow-up patient information was obtained at regular clinic visits and by telephone follow-up. The last follow-up was on December 31, 2018. This study was approved by the Fuzhou Pulmonary Hospital of Fu Jian Medical Institutional Review Board (IRB). The IRB waived the need for informed consent for this study, and all of the data were analyzed anonymously.
Statistical analysis
Data are presented as median [range] or number (%) unless otherwise stated. All data were analyzed with SPSS 19.0 statistical analysis software (IBM, Armonk, NY, USA).
Results
Patient characteristics
Clinical characteristics of the 8 patients with lung cancer and PC are summarized in Table 1 . Seven patients (87.5%) were women and only 1 (12.5%) was a man, with a median age of 56 [range: 38-69] years. Two of the 8 patients had underlying diseases, of whom 1 patient had diabetes mellitus and 1 had a history of gastric cancer treated with surgery.
The most common symptoms were cough, sputum production, chest pain, fever, and chest distress, but 2 (25.0%) patients were asymptomatic. Hematologic and biochemical analyses were unremarkable. Serum tumor markers were also unremarkable, and they were all negative for human immunodeficiency virus (HIV) antibodies. The diagnosis of PC and lung cancer for all of the patients was made by direct tissue examination. PC was confirmed by computed tomography-guided percutaneous needle lung biopsy (PNLB) in 1 patient and by video-assisted thoracoscopic surgery (VATS) in 7 patients, and lung cancer was confirmed by transbronchial lung biopsy (TBLB) in 1 patient, PNLB in 2 patients and VATS in 5 patients.
One patient (patient 8) was confirmed as having Cryptococcus infection by pathological findings of PNLB in a local hospital. Then, PNLB was performed again in our hospital 6 months after the failure of antifungal therapy, and this pathological examination revealed the presence of coexisting lung adenocarcinoma in the right lobe.
The yeast form of Cryptococcus neoformans was identified by staining of the granulation tissue obtained from the lung with haematoxylin and eosin (HE) ( Fig. 1A ) in 5 patients (62.5%) and with periodic acid-Schiff (PAS) ( Fig. 1B) in all of the patients. Lung adenocarcinoma (Fig. 1C ) was found in all of the patients, including 6 patients with stage Tis-II and 2 patients with stage III-IV. [5] Treatment included antifungal drugs plus antineoplastic chemotherapy in 1 (12.5%) patient, surgery plus antifungal therapy in 5 (75.0%) patients, and surgery in combination with antifungal therapy and antineoplastic chemotherapy in 2 (25.0%) patients. All of the patients received follow-up with a median time of 48 [range: 10-96] months. The 5 patients who underwent surgery are all presently healthy following resection. However, recurrence and metastasis of lung cancer occurred in 2 patients (patients 4 and 5) 2.5 years and 8 years after surgery, respectively, but the tumor was controlled again after effective anti-tumor treatment. Only 1 patient (patient 8) with end-stage lung cancer who could not undergo surgery died of tumor progression 10 months after symptom onset during the follow-up period. There were no Cryptococcal infection recurrences observed in any of the patients.
Computed tomography (CT) findings of PC
The main chest CT manifestations of PC are summarized in Table 1 . In 7 (87.5%) patients, the CT finding of PC was the presence of one or more pulmonary nodules ( Fig. 2A-C) , with a median diameter of 0.8 [range: 0.3-2.0] cm. A solitary nodule was seen in 71.4%, and multiple nodules were seen in 28.6% of the 7 patients. Lobulation sign was seen in 2 (28.6%) of the above 7 patients. In the remaining patient (patient 8), the lesions of PC and lung cancer were mixed together and manifested as a large flake-like infiltrated shadow in the right lower lobe ( Fig. 2D ). Table 1 The clinical data of 8 cases of lung cancer coexisting with PC. Lesions in the right lung were present in 7 (87.5%) patients, and lesions in the left lung were present in 1 (12.5%) patient, indicating the lesions were more frequently present in the right lung. Four (50.0%) patients had lesion involvement in the upper lobe, and 4 (50.0%) patients had lower lobe involvement. All of the lesions were located in 1 lobe and were adjacent to or involving the pleura.
CT findings of lung cancer
The main chest CT manifestations of lung cancer are summarized in Table 1 . The most common CT finding of lung cancer was the presence of a solitary nodule (7 cases, 87.5%) ( Fig. 3A, B) , with a median diameter of 1.5 [range: 0.5-3.5] cm. Of the 7 patients, a variety of CT signs of tumor were present as follows: lobulation sign (4 cases, 57.1%), burr sign (3 cases, 42.9%), pleural sag (1 cases, 14.3%), vascular convergence (1 cases, 14.3%), bronchus encapsulated air sign (1 case, 14.35%), and irregular wall thick wall hollow (1 cases, 14.3%). Two (28.6%) patients were exhibited by solitary nodular ground-glass opacity (SNGGO). One (12.5%) patient (patient 8) initially exhibited air-space consolidation (Fig. 2D) , and then, repeat chest CT scans showed an increase in lung lesions in the right lower lobe and multiple additional nodules in both lungs due to the tumor progression.
Lesions in the right lung were present in 6 (75.0%) patients, and lesions in the left lung were present in 2 (25.0%) patient, indicating the lesions were more frequently present in the right lung. Six (75.0%) patients had lesion involvement in the upper lobe, and only 2 (25.0%) patients had lower lobe involvement, indicating that lesions were more frequent in the upper lobe. All of the malignant nodules were in the peripheral lungs, and there was the coexistence of lung cancer and PC in the same lobe in 4 (50.0%) of the 8 patients.
Discussion
Infections due to Cryptococcus sp. occur globally and in a wide variety of hosts, ranging from those who are severely immunosuppressed to those who have phenotypically "normal" immune systems. [6] However, infections most commonly occur in immunocompromised hosts, such as HIV-infected or cancer patients, and rarely involve immunocompetent hosts. [7, 8] We report herein 8 cases of primary lung adenocarcinoma accompanied by primary pulmonary cryptococcosis, which were confirmed by pathologic examinations. Two patients had underlying diseases (including diabetes mellitus and gastric cancer) with immunosuppression that caused them to be more prone to infection with Cryptococcus. [9] However, there were no other immunosuppressive diseases found, except coexisting lung cancer, in the other 6 patients. Harada et al [10] considered coexisting cryptococcosis and carcinoma to be coincidental. However, Robinson et al [11] thought that the lung malignancy may have resulted in a degree of immune suppression, predisposing the patient to infection with Cryptococcus. This issue is still currently controversial, and further studies are required to clarify the possible relationship between lung cancer and Cryptococcal infection.
PC usually occurs in the peripheral lungs and is adjacent to or involving the pleura. [3, 12, 13] When PC consists of solitary or multiple nodules, these nodular shadows can be confused with lung cancers on chest CT, and it is often difficult to distinguish PC from pulmonary neoplasia. [10] In patients 1 to 7, the lesions of the PC consisted of solitary or multiple nodules that were located close to the pleura on chest CT. In patients 1 and 2, lobulation signs were seen in the Cryptococcus nodules, but no other signs of lung cancer could be found. In the other 5 patients (patients 3-7), there were no signs of primary lung cancer, such as a lobulation sign, spicule sign, or vascular cluster, found in the Cryptococcus nodular shadows.
In contrast, except for patients 1 and 3 who lacked signs of a tumor, the lesions of lung cancer in the other 5 patients (patients 2 and 4-7) all had typical tumor characteristics as follows:
1. An irregular nodular surface was found in 5 patients, and 2 (patients 2 and 7) were characterized by SNGGO, which was considered to be closely associated with lung adenocarcinoma. [14] 2. These malignant nodules exhibited a variety of signs of lung cancer on chest CT, including lobulation sign, burr sign, pleural sag, vascular convergence, bronchus encapsulated air sign, irregular wall thick wall hollow, etc.
Compared with the primary pulmonary cryptococcosis, the peripheral lung cancer was also often characterized by a solitary pulmonary nodule and/or a mass, but the occurrence rate of the typical signs of lung cancer mentioned above was higher than the former. [13] Additionally, all of the Cryptococcus nodules including solitary and multiple nodules in our group were located in the subpleural lungs, which was in accordance with the distribution characteristics of PC, [15] and these multiple nodules of PC showed a diversity of forms and sizes and were confined to a single lobe, which are different that the characteristics of pulmonary metastatic tumors that usually present with roundish uniform sizes and shapes with smooth edges and tend to occur in the lower lungs. Therefore, in general, such different characteristics might assist in the differential diagnosis of PC and lung cancer. However, although cryptococcosis nodules in the above 7 patients lacked the typical characteristics of lung cancer except for 2 with lobulation sign, these nodular shadows were still preoperatively suspected to be malignant lesions. That was because all of the cryptococcosis nodules lacked the typical signs of fungal infection, such as a halo sign and air-bronchogram, [9] and the cryptococcosis lesions coexisted with lung cancer and mimicked primary or metastatic tumors; the Cryptococcosis nodules were very small (only 0.8 cm in median diameter) and were all located in the peripheral lungs, so it was difficult to reach the correct preoperative diagnosis by conventional biopsy methods, such as TBLB and PNLB.
These small nodules were resected directly by VATS and confirmed to be benign lesions (Cryptococcus infection) by pathologic examination. Therefore, it is rather difficult to definitely determine the nature of other forms of pulmonary nodules coexisting with lung cancer that is detected for the first time. [5] Furthermore, as seen in our patients 3, 5, and 6, when benign nodules and primary tumors are located in the same lobe, the former is more likely to be misdiagnosed as a malignant nodule (a metastatic tumor or a primary lung cancer). Therefore, PC must be considered during the differential diagnosis of pulmonary nodules not only when the lesions have the typical signs of a fungal infection but also when the nodules lack the typical signs of lung cancer, even if the lesions lack the signs of fungal infection at the same time.
In patient 8, chest CT initially showed a large flake-like infiltrated shadow in the right lower lobe, and the lesion was initially confirmed to be Cryptococcus infection by the pathological findings of PNLB. The patient was given flucona-zole, then itraconazole, for 6 months, but she failed to improve on chest CT with an irregular follow-up in the outpatient clinic. Then, her coughing increased, and a repeat chest CT scan showed an increase in size of the lung lesions. PNLB was performed again in the right lower lung in our hospital, and the pathological examination revealed the presence of lung adenocarcinoma. That is, in this case, lung cancer and PC coexisted and were mixed together in the right lower lobe. In our opinion, the PC might have occurred after the cancer because lung malignancy may be a susceptibility factor for Cryptococcal infection. [11] The patient's clinical situation deteriorated due to progression of the tumor, which could not be initially found. This case illustrates the importance of early and frequent follow-up of PC and alerted the clinician to the possibility of a secondary Cryptococcal infection occurring within a pulmonary malignancy. [11] Currently, the diagnosis of PC depends mainly on histopathological examination and pathogenic tests of puncture fluid. [16] Notably, since C. neoformans is a ubiquitous organism that has a pulmonary portal of entry [17] and can persist in the human oropharynx as bacteriopexia, [18] the detection of C. neoformans in respiratory specimens including sputum, pharyngeal swab, and bronchoalveolar lavage fluid (BALF) only has suspected diagnostic value. Additionally, due to the low detection rate of Cryptococcus by pathogenic smear and culture, pathology is still the most important diagnostic method for PC . [4, 16, 19] Since Cryptococcus HE staining does not result in an easily distinguishable color, it is usually necessary to apply a special stain in order to obtain a definite diagnosis. Although the morphology of the fungal elements (yeasts) can be similar to other species, it has been reported that the detection rates of C. neoformans by PAS, gomori methamine silver stain (GMS), mucicarmine (MC) and alcian blue (AB) were 100%, 100%, 87% and 67%, respectively, [20] and a combination of various histochemistry staining procedures is available and can be helpful in providing better microscopic clarity and detection of dead or degenerating cells, which might be refractory to only 1 staining procedure, so they can assist in visualizing the capsule in order to www.md-journal.com make a correct diagnosis of PC. In our patients, the detection rate of C. neoformans was 100% by PAS but only 62.5% by HE which was similar to the literature. [20, 21] In addition, the use of serum Cryptococcal antigen detection tests by latex agglutination (LA) have become common in recent years, and the test has been reported to be worthwhile in assisting in the diagnosis of PC because of its high diagnostic value for PC. [22, 23] Due to the laboratory limitations of our hospital, it is regrettable that this test could not be performed. PC coexisting with pulmonary carcinoma is rare, and a review of the English medical literature revealed that only a few cases have been previously reported ( Table 2 ). [10, 11, [24] [25] [26] [27] In most cases, the pathological type of lung cancer was a pulmonary adenocarcinoma, which was similar to our patients (100%), probably because the Cryptococcus may prefer residing in the peripheral lung, where adenocarcinomas frequently occur. [26] The most common radiologic types of Cryptococcus and cancer were both characterized by pulmonary nodules, which is generally consistent with our patients (87.5%). In most cases, Cryptococcus and cancer co-existed as different nodules in different lobes. Notably, the Cryptococcal nodules all presented as single lesions in previous reports. However, in our study, 2 cases (patients 3 and 7) of Cryptococcal lesions presented with multiple nodules in the same lung lobes, and both cancer and multiple Cryptococcal nodules coexisted in the same lung lobe in 1 of them (patient 7), which further increased the difficulty of clinical differentiation. Additionally, coexistence of Cryptococcus and cancer in a solitary nodule is extremely rare, [10, 11, 26] and the coexistence of both lesions in a flake-like infiltrated shadow, as was seen in present patient 8, has never been reported previously and deserves clinical attention.
In summary, when PC coexists with lung cancer and manifests as isolated or multiple pulmonary nodules on chest CT, it can easily be misdiagnosed as malignant lesions. If routine examination cannot obtain a definitive diagnosis for indeterminate pulmonary nodules or pulmonary nodules suspected to be malignant, resection of the lesion should be performed to obtain a diagnosis under medically permissive conditions. [10] However, there are also some patients who have been definitively diagnosed with PC, but their response is poor to reasonable antifungal treatments. Under this condition, we should not only pay attention to the possibility of drug resistance but also consider the possibility of PC coexisting with lung cancer. The clinician should be alert to this situation and try to avoid the misdiagnosis and overlooked diagnosis.
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